Abstract
Introduction

Materials and Methods
Mammals, including ruminants, exhibit seasonal rhythms of physiological functions to cope with climatic fluctuations in order to establish equilibrium [1] . The seasonal rhythms reflect the ability of endogenous adaptive mechanism of animals to react in advance to environmental changes associated with seasons [2] . In fact, physiological equilibrium is maintained by blood and hence every change that takes place in mammalian body is reflected in the blood indices [3] . Thus, blood profile reflects physiological responsiveness of animals to its internal and external environments [4] and form the very basis for diagnosis, treatment and prognosis of many diseases [5] . Further, it is also an important tool to assess the level of stress due to various environmental stressors and nutritional factors [6] . The environmental stressors in turn vary from season to season. According to bio-climatological variables, the climate of Gujarat, India falls under semi arid zone coupled with hot and humid condition, which itself poses as harsh abiotic factor for optimum productivity of livestock. Nonetheless, Kankrej ( ), a native cattle breed of the state, is known for yielding good quantity of milk with high fat content even in these extreme climatic conditions. The breed is being maintained as elite herd at Livestock Research Station (LRS), SDAU), Sardarkrushinagar and proved to be superior to crossbreds and other native breeds with respect to milk production and disease resistance [7] . Surprisingly, the milk yield of this breed has been observed to be increased over the last five years during summer, though no scientific report has been made in this aspect.
It is universal that the maintenance of productivity of an animal is essentially a function of environment, since genetic potentials cannot be expressed unless a congenial environment is provided [8] . Therefore, proper understanding of how climatic factors affect the physiological response of animals provides a firm basis of improving the husbandry practices.
In the light of above discussed features, the present investigation was planned to assess the seasonal influence on milk production and haematological indices of Kankrej cattle between different production groups.
The current study was carried out as a part of departmental research scheme, which was For the study, 18 lactating Kankrej cows (>4 parities) from the elite herd reared at LRS, SDAU, Sardarkrushinagar were selected and categorized into three groups of six animals each . group-I (low yielder, <2,500 l/per lactation), group II (medium yielder, 2,500-3,500 l/per lactation) and group III (high yielder, >3,500 l/per lactation) based on consistent milk yield records in their earlier lactations. All the animals were clinically healthy with no physical deformities. Standard feeding and managemental practices were followed during the study period. The animals were housed in a well ventilated shed having concrete floor and fed concentrate mixture according to milk yield as well as mixed seasonal green fodders. The animals were also examined to be free of endoparasites as anthelmintics are regularly fed to the animals reared at the research station. The health status of the selected animals was regularly evaluated based on behavior, rectal temperature, pulse rate and respiratory rate during the experimental period.
The meterological data of Sardarkrushinagar ambient temperature (TA), relative humidity (RH), total rainy days and rain fall corresponding to the experimental period (March, 2012 to February, 2013) were obtained from the Department of Meterology, Chimanbhai Patel College of Agriculture (CPCA), SDAU, Sardarkrushinagar. The experimental period was divided into three phases coinciding with the three major seasons of the year i.e. summer (March to June), monsoon (July to October) and winter (November to February).
THI of Sardarkrushinagar for the experimental year was calculated based on the meterological data employing the following equation [9] . THI = 0.72 (W+D) +40.6 Where, W: wet bulb temperature (ºC) D: dry bulb temperature (ºC) Seasonal milk yield per animal was determined from the daily milk yield of each animal recorded at LRS, SDAU, Sardarkrushinagar.
10 ml of blood sample was collected aseptically from each animal of experimental groups by jugular vein puncture into collection tubes containing anticoagulant, K EDTA. Blood samples were analyzed for different hematological parameters viz. total erythrocyte count (TEC), haematocrit (HCT)/ packed cell volume (PCV), haemeoglobin (Hb), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), total leucocyte count (TLC), differential leucocyte count (DLC) and platelet/thrombocyte count (PLTs) using Automated Haematology Analyzer (Cell-Dyn 3700,Abbott Diagnostics, USA).
The results were statistically analyzed using two-way ANOVA as per method of Snedecor and Cochran [10] . <0.05 were considered to be statistically significant. Table- 1. The highest ambient temperature was recorded in May, 2012 during summer, while it was lowest in January, 2013 during winter. The relative humidity was minimum during summer and maximum during monsoon. Total rainfall recorded during the experimental period was only of monsoon season as there was no rainy day during summer and winter.
Data of different meterological variables have been presented in
Figure-1 reveals that THI was >80 during 10-22 weeks i.e. mid May to July, 2012 and was between 59-66 during 49-52 weeks of the experimental year i.e. February, 2013. Nonetheless, the THI was calculated to be highest at 19 weeks; whereas, it was lowest at 49 weeks of the year.
Total milk yield (litre) per animal recorded during the three seasons has been presented in Figure-2 . It was recorded to be peak during summer, while it dipped down during winter season. Table-2 indicates the seasonal variation in mean values of erythrocytic indices and thrombocyte counts of different experimental groups. Except haemoglobin, all erythrocytic indices showed significant variation with one or the other production groups within the season or amongst the seasons. R.B.C count was significantly lower in high yielding group during monsoon; whereas, it was the highest during summer. MCV and MCH varied significantly amongst the three groups during winter and summer seasons. However, the variation observed for these two parameters amongst the different groups during monsoon season was nonsignificant. Nonetheless, there was an increasing trend of HCT value from winter to monsoon season. Further, it was observed that the platelet counts were not significantly influenced by season and thus remains comparable in all the three seasons of the year. Table-3 shows the seasonal alteration in mean values of the leukocytic indices. It was observed that TLC was not significantly affected by milk yield and seasons. Table-3 further reveals that the influence of season on the ratios of neutrophils, lymphocyte, eosinophils and basophils was not significant. However, the monocyte count of the high yielding group in summer season was significantly higher as compared to other production groups and seasons. 
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Discussion
Gujarat is geographically endowed with diverse climatic conditions throughout the year. During the experimental period, the animals got exposed to marked seasonal changes in ambient temperature and humidity as evidenced by Table- 1. The variation in climatic variables like temperature, humidity and radiation are recognized as the potential hazards for the growth and production of all domestic livestock species [11] . Among the climatic stressors, summer stress has been the major factor contributing to low milk yield and low fertility of lactating animals, (especially in animals of high genetic merit) in tropical, sub-tropical and arid regions [12] . Usually, rectal temperature and respiration rate are considered as indices of degree of climatic stress to which the animals are exposed. However, THI has been conventionally used as sensitive indicator of climatic stress on animals and is interpreted that THI values of 70 or less as comfortable, 75-78 as stressful, and values > 78 cause extreme distress in lactating animals making them unable to maintain thermoregulatory mechanisms or normal body temperatures leading to lower milk yield [13] .
Contrary to the previous reports and perception, current findings indicate that seasonal milk yield per animal of elite Kankrej herd maintained at LRS, SDAU, Sardarkrushinagar increased during summer as compared to winter and monsoon seasons. Further, correlating milk yield with calculated THI, it was observed that with continuous increase in the THI, the milk yield per animal increased during summer. This typical characteristic of Kankrej cattle may be attributed to the adaptability of this breed to the geoclimatic conditions of North Gujarat. In fact, Kankrej, one of the prolific indigenous breed of cattle, has evolved over the centuries through natural selection for adaptation to harsh climatic conditions and resistant to common tropical diseases. They can also survive on poor quality residual grass with scanty drinking water, and well known for its milk yielding ability [14] . It may further be substantiated with the report that these indigenous breeds of cattle have adapted to the prevailing environmental condition of the native tract acquiring specific gene combination [15] . Hence, considering the unique production trait typical of Kankrej cattle, genetic characterization of this breed becomes imperative to identify the gene, if any, encoding stress modulating protein such as heat shock protein (HSP), so that such a protein may be up regulated and/or expressed in desirable breed/species of milch animals through genetic engineering for the purpose of selecting the animals through genetic improvement program. This may probably be one of the mitigation strategies to cope up with climate change consequent upon global warming ensuring the viability of dairy industry.
Nevertheless, current study reflects that seasonal fluctuations alter the physiological responses of animals including blood indices. Table-2 indicates that Hb concentrations recorded in all the experimental groups were within the physiological limit and showed no significant variation amongst the experimental groups. Previous studies also demonstrated no significant seasonal effect on Hb concentration [16] . However, it was apparently higher during summer and monsoon than that of winter. This finding partially coincides with that of Naik [17] , who also observed higher Hb level in summer. The higher Hb concentration during summer and monsoon may be because of increased total Fe concentration during the two seasons [18] or could be due to hemo-concentration observed in stressful condition of hot and high humidity during summer and monsoon, respectively [19] . The mean TEC varied amongst different seasons with the highest value recorded during summer and lowest value during monsoon in the high yielding group. These findings are in accordance with those of Babeker [16] , who had also noticed similar trend of variation in dromedary camels. However, these observations appeared to be contradictory to the findings of Soley and Singh [20] in dairy cattle and Mirzadeh [21] in Iranian cattle as reduced TEC were found during summer season. Whereas, other study [22] indicated that season had no effect on TEC in Holstein Swiss brown and their cross breeds. Conversely, Prava and Dixit [23] observed higher TEC during summer in calves and lactating cow 5 years of age. The summer increase of TEC might be due to adaptive mechanism of the breed to improve oxygen carrying capacity of blood during hot environment [17] . In the present study, the HCT value did not differ significantly among the production groups as well as during different seasons. This is in agreement with the findings of Naik et al. [17] in case of Punganur cattle. The apparent increase in HCT during summer and monsoon may be ascribed to the high temperature and humidity, respectively. It is reported that hot and humid environment stimulates sweating causing loss of water leading to hemo-concentration and a hike in TEC and thereby HCT value [24] . Table- 2 further reveals that MCV was significantly lower, but MCH and MCHC were significantly higher in low yielding group during winter and summer seasons. The low value of MCV could be related to the negative correlation between size and number of erythrocytes. Nonetheless, the relative fluctuation of MCV, MCH and MCHC observed in the present study may be attributed to concomitant increase or decrease in Hb concentration or HCT [9] . Table-3 indicates that the TLC showed apparently limited fluctuation ranging between 7.00x10 /µl and 10.50x10 /µl. There were no marked seasonal changes in TLC amongst the experimental groups. Similar findings were also previously reported in goats by Abdelatif [9] . However, the highest values of TLC were recorded during winter with a slight reduction during the other two seasons. This reduction > may be associated with physiological responses to hot and humid climate. Contrary to the current observations, previous study [25] recorded significantly lower level of TLC in local cattle during winter as compared to summer season and concluded that the summer increase of TLC might be due to higher levels of parasitic infection observed during hot humid conditions of summer.
The present study further revealed that the seasonal change in climate had no significant effects on the ratios of neutrophils, lymphocytes, eosinophils and basophils. However, the ratio of neutrophil and lymphocyte (N:L) was apparently higher during summer. In fact, the N: L is the most common index of measurement of stress and adaptability of the animals to the local environment, which generally increases under stress condition [26] . Similarly, the monocyte count was found to be higher in summer as compared to winter and monsoon. This finding is consistent with earlier report in case of goats [27] . The increase monocyte count recorded during summer could be associated with increased cortisol secretion. Monocytes respond to elevation of blood corticosteroid concentration, but species differences are seen with the type of response and the mechanism of monocytosis [28] .
Present study, thus, will assist in proper understanding of how climatic factors affect the physiological responses of Kankrej cattle in terms of haematological indices and milk yield. Further, data generated during the study may be helpful for physiological characterization of this breed and helps in interpretation of climatic influences on productivity. However, a future research is warranted to investigate the expression and/or upregulation of HSPs and to study their role in summer increase of milk yield typical of this unique breed of Gujarat.
